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Background: Rabies is an acute fatal viral disease generally transmitted from infected animals to humans through bites. It is distrib- 
uted worldwide. The number of Korean people traveling to rabies-endemic countries and being bitten by infected animals has been 
increasing recently. Therefore, we investigated international travelers who received rabies post-exposure prophylaxis (PEP) at the Na- 
tional Medical Center (NMC) and compared the data with those of other clinics. 

Materials and Methods: This study was a retrospective review of 106 patients who visited the International Travel Clinic of the NMC 
and received rabies PEP between July 2006 and December 2012. During that period, we used the Essen intramuscular regimen pro- 
tocol. Complete rabies PEP was defined as 5 doses of rabies vaccination with or without rabies immunoglobulin (RIG) administration 
according to the World Health Organization guidelines. 

Results: A total 106 cases documented within the period of 6 years were selected, including 10 children younger than 15 years and 
96 older than 15 years. The mean age of the patients who received PEP was 33.4 years. Of the patients, 53 were male and another 
53 were female. Most of the exposures occurred in Southeast Asia, predominantly from dog bites (71, 66.9%). The lower extremities 
were the most frequent site of exposure (37, 34.9%). All the patients began receiving rabies vaccination for prophylaxis after exposure, 
and 51 received rabies vaccination with RIG. Meanwhile, 74 cases (69.8%) initiated rabies vaccination overseas, but only 10 of them 
received RIG while overseas; the remaining 32 (30.2%) initiated rabies vaccination after returning to Korea. Within 7 days, all the 
children and 74 adults received their first rabies vaccination. Six adults initiated first rabies vaccination after 1 week. Eleven of the 106 
patients stopped PEP before 5 doses, among whom 4 (1 child and 3 adults) discontinued vaccination after confirming that the biting 
animal remained healthy throughout 10 days of observation. None of the patients had been previously vaccinated against rabies. 
Conclusions: Most of the overseas travelers who visited our clinic after being bitten by suspected rabid animals received ap- 
propriate rabies PEP. However, the interval between exposure and first rabies vaccination was often delayed. Tourists who plan 
to travel in rabies enzootic regions need to be aware that prompt initiation of PEP is important to reduce the risk for developing 
human rabies. 
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Introduction 

Along with the rapid increase in international travel, travel- 
ers are paying more attention to diseases that may be con- 
tracted during travel. Accordingly, the need for appropriate 
treatments and prevention has been emphasized. Rabies, a 
representative viral zoonosis, is a serious infectious disease 
that affects travelers visiting endemic regions. Once clinical 
symptoms develop and without special treatment methods, 
rabies becomes a fatal disease that leads to death within a few 
days [1]. 

According to a report from the World Health Organization 
(WHO), 55,000 people worldwide die annually because of ra- 
bies, mostly in Asia (31,000 people, 20,000 in India alone) and 
Africa (24,000 people). Among fatalities, 99.9% are due to ra- 
bid dog bites, with more than 80% reported to occur in rural 
areas. At present, more than 3 billion people in more than 100 
countries live in regions with a risk of rabies virus infection [2]. 
In South Korea, human rabies cases were reported until 2004, 
while animal rabies cases have occurred continuously in 
Gyeonggi-do and northern Gangwon-do [3]. 

Although rabies is a fatal disease, complete protection is 
possible through appropriate management, specifically rabies 
vaccination and rabies immunoglobulin (RIG) vaccination, 
after bite and contact with rabid animals [1]. Therefore, it is 
important to reduce the risk of animal bites during travel to 
rabies-endemic areas; however, early adequate post-exposure 
prophylaxis (PEP) promptly after exposure is the most critical 
approach for decreasing death caused by rabies. More than 15 
million people annually receive rabies PEP after animal-relat- 
ed injuries, and in the GeoSentinel Surveillance Network, ani- 
mal-related injuries cause 1.4% of diseases among travelers 
[4]. In cases of domestically occurring animal bites, appropri- 
ate treatments and prevention can be administered relatively 
quickly because of convenient access to available medical ser- 
vices. However, for animal bites occurring during internation- 
al travel, early PEP can be difficult depending on the local situ- 
ation. 

This study investigated the cases of people visiting the inter- 
national travel clinics of the National Medical Center (NMC) 
for rabies PEP after the exposure to suspected rabid animals 
during international travel and examined the rabies PEP con- 
ditions of NMC by reviewing the previous international travel 
clinic studies in other countries. 



Materials and Methods 

1. Data collection 

A retrospective study was performed by reviewing the medi- 
cal records of patients who visited the international travel 
clinics of the NMC for PEP after animal bites that occurred 
during international travel. Records from luly 2006, when 
health insurance started covering rabies vaccine and human 
rabies immunoglobulin (HRIG) in Korea [5], to December 
2012 were reviewed. On the basis of the disease code of the 
ICD-10 (KCD-6), patients with a diagnosis code of W54 (i.e., 
bitten or struck by dogs), W55 {i.e., bitten or struck by other 
mammals), or Z24.2 {i.e., need for immunization against ra- 
bies) were searched, and patients with records of animal bites 
during international travel were selected. Domestic animal 
bite patients and patients without information regarding the 
region of exposure occurrence were excluded from this study. 

2. Materials 

The following data of the 106 patients selected were ana- 
lyzed: age, sex, vaccination history of the patient, animal spe- 
cies causing the bite, vaccination history of the animal, body 
site of the animal bite, region of exposure occurrence, interval 
between exposure and first rabies vaccination, local medical 
care and PEP, and management after visiting NMC. 

3. Classification 

On the basis of the Human Rabies Prevention and Con- 
trol [5], published by the Korea Centers for Disease Control 
and Prevention (KCDC) in 2007, and the Essen regimen, 
adopted in the WHO PEP guideline [6], the evidence for 
appropriate PEP was classified as follows: patients who 
completed 5 doses of rabies vaccine, including local vacci- 
nation and vaccination after visiting our hospital, or those 
who completed 5 doses of rabies vaccine combined with 
HRIG were classified as having complete PEP; patients 
who stopped treatment without completing 5 doses of ra- 
bies vaccine were classified as having incomplete PEP. Of 
the patients with incomplete PEP, except for those who 
were confirmed to be healthy after the responsible animal 
was observed for 10 days, patients who decided to termi- 
nate treatment on their own without sound reasons were 
classified as having inappropriate PEP. Incubation period 
is a little different according to literature but one week is 
considered to be the minimum incubation period in the 
literature [7]. Therefore, the interval between exposure and 
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the first rabies vaccination was categorized as starting ra- 
bies vaccination within 1 week and starting vaccination af- 
ter 1 week. 



Results 

Of the 371 patients who visited our clinic for rabies PEP be- 
tween July 2006 and December 2012, 210 who had domestic 
animal bites and 55 who had no record of the region of expo- 
sure occurrence were excluded. The mean age of the resultant 
106 patients was 33.4 years; 10 were children (i.e., <15 years 
old) and the other 96 were adults. The sex ratio in both the 
children and adults was 1:1. Regarding age distribution, more 
than half of the exposures occurred in patients in their 20s (37, 
34.9%) and 30s (29, 27.4%; Fig. 1). 

The regions of exposure occurrence were mostly in South- 
east Asia; Thailand was the most common with 37 cases 
(34.9%), followed by China with 18 (16.9%), India with 13 
(12.2%), and Indonesia with 12 (11.3%; Table 1). 

Regarding the animal species causing the bite, dogs were 
the most common with 71 cases (66.9%), followed by mon- 
keys with 26 cases (24.5%). There were 2 cases (1.8%) of bat- 
related exposure, which is an indication for the administration 
of rabies vaccination and RIG, because contact itself is includ- 
ed in the WHO category 3 (Fig. 2). 

Regarding the body site of the animal bite, the lower extrem- 
ities (37, 34.9%) were the most common, followed by the 
hands (19, 17.9%) and face (3, 2.8%). Four cases (3.7%) in- 
volved multiple injuries from more than two bites. Further- 
more, there were 24 cases (22.6%) without information about 
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the body site of the animal bite (Fig. 3). AH facial bite injuries 
occurred in the children, and rabies vaccination was locally 
administered without RIG administration immediately after 
the exposure. 

One or more doses of rabies vaccine were administered in 
all the cases; the first dose was administered locally and in our 
clinic in 74 (69.8%) and 32 cases (30.2%), respectively. Of the 
patients who started PEP in local medical centers, 13.5% 

Table 1. Country and nsi< level distribution of exposed travelers 



Region 


Country 


Number of cases 


Risk" 


Southeast Asia 


Cambodia 


1 


High 




Indonesia 


12 


High 




Malaysia 


2 


High 




Philippines 


3 


High 




Thailand 


37 


High 




Vietnam 


2 


High 


East Asia 


China 


19 


High 




Hong Kong 


1 


High 




Mongolia 


1 


High 




Taiwan 


1 


High 


South Asia 


India 


13 


High 




Nepal 


4 


High 




Sri Lanka 


2 


High 


Western Asia 


Turkey 


2 


High 


America 


USA 




Low 




Bolivia 




High 




Chile 




Medium 


Europe 


Romania 




High 




Russia 




High 


Africa 


Nigeria 




High 


Total 




106 





"Rabies, countries, or areas at risk. WHO 2008. 
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Figure 1. Age and sex distribution of the travelers with rabies post- 
exposure prophylaxis. 



Figure 2. Number of exposed travelers according to the animal species 
causing the bite. 
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Table 2. Interval between exposure and first rabies vaccination 





Within 7 days 


After 1 week Unknown 


Children 


10 


0 0 


Adults 


76 


6 14' 


Tourteen adults received PEP, altlnougli tlie exposure date was not recorded. 




Table 3. Analysis of post-exposure prophylaxis after animal bites 




Group 


Complete PEP' 


Incomplete PEP" 


5 doses vaccination 5 doses vaccination witii HRIG 


Observation option"^ Inappropriate PEP 


Children 


4 4 


1 1 


Adults 


40 47 


3 6 


Total 


44 51 


4 7 



PEP post-exposure prophylaxis; HRIG, human rabies Immunoglobulin. 
Tlve doses of rabies vaccination with or without HRIG administration. 
"Fewer than 5 doses of vaccination with or without HRIG administration. 

'Rabies vaccination was stopped after confirming the biting animal remained healthy throughout a 1 0-day observation period. 




Figure 3. Number of exposed travelers according to the body site of the 
animal bite. 

'Exposure occurred at 2 or more body sites 
"Older than 1 5 years. 
'Aged 1 5 years or younger 



(10/74) received rabies vaccination with RIG, whereas only 
62.5% (20/32) received the first dose of rabies vaccine with 
RIG in our clinic. 

The interval between exposure and the first rabies vaccina- 
tion was known in 92 cases. The mean interval was 1.8 days. 
Among the children, all 10 patients started rabies vaccination 
within 7 days, while 6 (7.3%) of the 82 adults received their 
first vaccination more than 7 days after exposure (Table 2). 

After post-exposure vaccination, complete PEP (i.e., 5-dose 
vaccination with or without RIG), based on the guidelines, 
was administered in 95 cases (89.6%). However, the 5-dose 
course was not completed in 11 cases (10.4%); vaccination 
was stopped in 4 cases after confirming a lack of abnormali- 



ties in the animal causing the bite observed for 10 days. There- 
fore, only 7 cases (6.6%) underwent incomplete appropriate 
prevention (Table 3). Of the 106 PEP cases, there were no re- 
cords of preexposure vaccination prior to travel. 



Discussion 

A review of previous studies from travel clinics in other 
countries suggests the present results are consistent with 
those reported in the literature. The median age was 30-35 
years, and the percentage of children younger than 15 years 
was only 10%. Most studies report no significant sex differenc- 
es. Bite injuries mostly occurred in Southeast Asia, especially 
Thailand. The main animal causing bite injuries was dogs, and 
the most common injury site was the lower extremities (Table 
4) [9-13]. 

Regarding the age distribution of the patients in the present 
study, more than half were in their 20s or 30s. Meanwhile, 
there were relatively few children younger than 15 years, who 
are known to be most susceptible to rabies, with only 10 cases 
(9.4%). Among these cases, 5 cases, including the data of ra- 
bies vaccination-related studies, were published in the Korean 
Journal of Pediatric Infectious Diseases in 2013 [8]. This per- 
centage is consistent with the results of a study in the UK but 
higher than that reported in Thailand and Nepal [9-11]. Only 
one study from New Zealand reports a higher child-to-adult 
ratio of 1:5, suggesting that children are at high risk group]12]. 
However, it is difficult to determine if certain age groups are 
high-risk groups because differences in age distribution are 
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Table 4. Rabies post-exposure proptiylaxis in international travel clinics 



Country of travel 
clinic (Year of 
publication) 


National 
Medical Center 


Thailand 
(2013) [9] 


uniieQ 
Kingdom 
(2011) [10] 


New Zealand 
(2009) [12] 


France, Australia; 
New Zealand 
(2008) [13] 


Nepal 
(2002) [11] 


INLllllL'C^l yjl l^doCO 


106 


188 


139 


54 


261 


56 


Mean age (year) 


33.4 


30 


35 


30.4 






Age < 15 years 


10 (9.4%) 


10 (5.3%) 


16(11.5%) 


9 (16.7%) 




2 (3.6%) 


Sex ratio 
(male:female) 


1:1 


2.1:1 


1.04:1 


1.1:1 




1:1.15 


Main regions 


Southeast Asia 


Southeast Asia 


Asia 


South Asia and 
Southeast Asia 


Southeast Asia and 
North Africa 


Asia 


Common countries 


Thailand 


Thailand 


Thailand 


ThaOand 


Thailand 


Nepal 




(37, 34.9%) 


(140, 74.5%) 


(31, 22.3%), 
Turkey 

(61, ZZ.6% j 


(19, 35.2%) 


(52, 19.9%) 


(100%) 


Animal species 


Dogs 71 (66.9%) 


Dogs 126 (67.0%) 


Dogs 69 (49.6%) 


Dogs 36 (66.7%) 


Dogs 139 (53.3%) 


Dogs 32 (57.1%) 




Monkeys 26 


Monkeys 28 


Cats 32 (23.0%) 


Monkeys 10 


Cats 52 (19.9%) 


Monkeys 24 




/o J 


^^i'^.cJ /o J 




\^10.D /o J 




^^'±z.cJ /o ) 


Common body sites 


Lower extremity 
(44,41.5%) 


nxcremiiy [p 1.0/0} 


Lower extrem- 
ity (67, 48.2%) 


Lower extremity 
(26, 48.5%) 




~ 


Initiation PEP abroad 


74 (69.8%) 




86 (61.9%) 


54 (100%) 


133 (50.9%) 




Interval between 


1.8 days 


vviinin / Qdys 


1 day 




i.o Qdys 


1.8 days 


exposure and PEP 


Within 7 days 
(81.1%) 


(87.3%) 






18.7 days'" 




WHO category 3 




141 (75.0%) 




46 (85.2%) 


197 (75.4%) 




Indicated for RIG 




121 (64.4%) 


78 (56.1%) 




170 (65.1%) 




Received RIG abroad 


10 (9.4%) 




3 (3.8%) 


7 (12.9%) 


19 (7.3%) 




Received RIG in 


43 (40.6%) 




11 (7.9%) 


3 (5.6%) 


22 (8.4%) 




home country 














Previous PrEP 


0 (0%) 


27 (14.3%) 


14(10.1%) 


3 (5.6%) 


16(6.1%) 


12(21.4%) 



PEP, post-exposure prophylaxis; WHO, world health organization; RIG, rabies Immunoglobulin; PrEP pre-exposure prophylaxis. 

'Traveler who began their treatment In the country of Injury 

"Traveler who began their treatment upon returning to their home country 



also influenced by differences in the absolute numbers of for- 
eign travelers by age. 

Exposure occurred most frequently in Southeast Asia, and 
bite injuries mostly occurred in rabies high-risk regions. Be- 
sides visiting China and Japan, Koreans visiting Southeast Asia 
is one of the reasons for the results, but other studies report 
that bite injuries occurred most commonly in Southeast Asia 
[9-13]. 

Dog bites were most common with 71 cases (67.0%), fol- 
lowed by monkey bites with 26 cases (24.5%). Previous studies 
also report remarkably high percentages of dog bites, in addi- 
tion to monkey and cat bites [9-13]. In the present study, of the 
26 cases of monkey exposure, 23 were concentrated in Thai- 
land (13 cases) and Indonesia (10 cases), reflecting the re- 
gional distribution of monkey populations. A study in Bali, In- 



donesia, shows monkey-related injuries are more common 
than dog bites [14]. 

Although animal bites can occur when people disturb ani- 
mals, there are many cases of unprovoked events, making the 
prevention of exposure difficult. However, the present results 
confirm the finding that animal bites commonly occur on the 
hands, which are used to feed and touch animals, and the 
lower extremities (i.e., the thighs, calves, and feet), which are 
at a similar height as the biting animals, mostly dogs; in addi- 
tion, the face can also be a site of animal bites in children, who 
are relatively short. A study in Nepal that analyzed the associa- 
tion between mean age and injury site revealed that facial in- 
juries were associated with a very low mean age compared to 
injuries at other sites [11]. The incubation period varies de- 
pending on the amount of inoculated virus or proximity of the 
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bite to the central nervous system. In general, when a bite oc- 
curs near the head, the time to reach the central nerve system 
is shorter; this consequently shortens the incubation period 
because the virus directly invades the brain via the cranial 
nerves without passing the spinal cord [15, 16]. Therefore, if 
there is a chance of contacting animals in rabies-endemic ar- 
eas, the hands and lower half of the body should be protected; 
meanwhile, the active care of children by adults is thought to 
be a method to reduce the occurrence of animal bites among 
children. 

The KCDC has adopted the Essen regimen, which involves a 
total of 5 doses of rabies vaccine for PEP on days 0, 3, 7, 14, 
and 28, as well as 1 dose of RIG on day 0. In the case of de- 
layed RIG administration, RIG can be administered within 1 
week after the first vaccination regardless of when the animal 
bite occurred [17]. If more than 1 week after the first vaccina- 
tion elapses, RIG is not administered because it negatively in- 
fluences active immune response [18]. 

There were 74 patients (69.8%) who started rabies vaccina- 
tion for PEP in local medical centers, but RIG was adminis- 
tered simultaneously in only 10 patients. The other 64 patients 
were vaccinated with RIG in our clinic within 1 week after the 
first vaccination. As shown in studies from clinics in the UK 
and Thailand, such low local RIG vaccination rates are expect- 
ed because of the complex issues of relatively low availability 
of RIG compared with rabies vaccine, a lack of patient under- 
standing about rabies PEP, and cost [9, 10]. 

According to the WHO, PEP is recommended with respect 
to 3 categories [i.e., categories I, II, and III) according the con- 
tact and exposure type to suspect rabid animals. RIG adminis- 
tration is recommended only for category III cases [19]. How- 
ever, in this study, it was difficult to determine the category of 
most cases at the time of exposure from the medical records; 
thus, which patients had indications for RIG administration 
was practically unknown. When it is difficult to determine the 
category of a rabies case on the basis of the characteristics of 
the animal bite or accurately take the history of the exposure, 
active treatments are recommended, especially in children, 
because there is a possibility of implementing unfavorable 
PEP plans. Therefore, the notably high percentage of RIG vac- 
cinations in our clinic compared with local clinics is consid- 
ered to be a sound rabies PEP. 

Verorab"(Sanofl Pasteur, Lyon, France) (rabies vaccine) and 
KamRAB"(Kamada, Rehovot, Israel) (HRIG) are utilized in 
Korea and regulated by the Korea Orphan Drug Center; their 
costs per vial are around US $60 and US $220, respectively. 
For adults, more than 4 or 5 vials should be utilized for HRIG 



on the basis of body weight, which costs more than US$1000. 
However, health insurance began covering these medicines in 
July 2006. Therefore, a copayment of only 30% is required [5]. 
Reduced economic burden is believed to be why active treat- 
ment is possible. 

Even though the incubation period of rabies is generally ap- 
proximately 1-3 months, it ranges from less than 1 week to 
more than 1 year [7, 15]. Another study reports it to range 
from 12 days to more than 2 years [14]. In the present study, 
the median time from exposure to rabies PEP was 1.8 days, 
which is not considerably different from other studies. Pediat- 
ric patients visited local hospitals or our clinic for medical 
care and rabies prophylaxis after being exposed to suspected 
rabid animals. However, some adults delayed their first visit to 
medical centers by more than 1 week to 1 month after expo- 
sure. A few adults were passively unaware of rabies prophy- 
laxis after animal bites. Meanwhile, children, who do not have 
the right to make decisions about medical treatment for them- 
selves, were still able to start appropriate early medical care 
and PEP because of the proactive attitude of their parents. 

In the present study, most of the patients who started PEP 
completed the 5-dose vaccination regimen. Although only 7 
patients (6.6%) received inappropriate PEP, there are likely 
more patients that had self-treatment after exposure or termi- 
nated treatment after local primary treatments without visit- 
ing our clinic. 

Even though our international travel clinics occasionally 
perform preexposure vaccination prior to travel, no cases of 
preexposure vaccination were recorded; this contrasts with 
other studies, which confirm a few cases receiving preexpo- 
sure vaccination. The main reason for the lack of preexposure 
vaccination not only in Korea but in most other counties is the 
high cost of the rabies vaccine. As complete protection is pos- 
sible with appropriate treatment and PEP even after an animal 
bite, preexposure prophylaxis with the expensive rabies vac- 
cine before traveling is controversial [20]. However, preexpo- 
sure prophylaxis is recommended for patients at high risk of 
rabies infection, such as those working in rabies diagnostic or 
research laboratories, veterinarians, animal handlers (includ- 
ing bat handlers), animal rehabilitators, wildlife officers, chil- 
dren younger than 15 years of age living in or traveling to high- 
risk areas, and people who lack immediate and appropriate 
local medical care [21, 22]. 

In our clinic, the number of travelers opting for rabies preex- 
posure prophylaxis is increasing annually. Recommending 
preexposure prophylaxis can decrease the risk of rabies oc- 
currence possibly because of the low local RIG vaccination 
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rate. 

Rabies vaccination of animals causing the bite injuries, 
which is an important factor for confirming if appropriate PEP 
has been performed, was only confirmed in 14 cases. Most 
animals were stray dogs or animals without owners or re- 
cords. Because the local situation at the time of exposure and 
the severity of bite injury were not recorded in most cases, 
category classification could not be performed. Therefore, it 
was difficult to determine if appropriate treatment according 
to guidelines had been administered. In addition, the lack of 
records of the location of bite injuries in 55 patients, which 
made it unknown whether the bite injury occurred domesti- 
cally or overseas, is another limitation of this study. 

In conclusion, this study confirms that exposure is most fre- 
quent on the lower extremities owing to dog bites in Southeast 
Asia among all the age groups, which is concordant with pre- 
vious studies. In addition, the children had more bite injuries 
on the face and more active treatments administered immedi- 
ately after the bite injury than the adults. Appropriate PEP was 
performed in most cases, but some cases lacked local RIG 
vaccination and delayed PEP until the first vaccination after 
bite injuries. In pre-travel clinical consultations, the health- 
care advisors of the International Travel Clinic should high- 
light the need for prompt initiation of PEP after bite injuries 
for tourists who plan to travel to rabies-endemic regions. 
Moreover, active preexposure prophylaxis should be recom- 
mended when traveling to regions where it is difficult to ob- 
tain RIG. 
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